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Summary 
The effect of chopped hay on feed intake, eating rate and rumination time was studied. 
Relationships between these variables were evaluated. Ten pregnant cows at the end of 
lactation were each given 3 kg of concentrates daily and chopped or unchopped hay ad 
libitum. 
No significant effect of chopping the hay on dry matter intake of hay and total 
ruminating time could be shown. However the duration of rumination per kg of hay 
consumed was lowered significantly when chopped hay was given. Chopping the hay 
also caused a significant reduction in the number of boli per day. 
Daily hay intake proved to be positively correlated with duration of rumination. When 
unchopped hay was given, a higher eating rate was associated with a longer rumination 
time. When chopped hay was fed, no significant relationship between these parameters 
was found. 
Introduction 
Campling (1970) quotes numerous references to indicate that with diets consisting 
mainly of roughage, voluntary feed intake is limited by the capacity of the reticulo-
rumen and by the rate of disappearance of digesta from this organ. The rate of dis­
appearance of digesta depends on its rate of breakdown in the reticulo-rumen by both 
microbial and mechanical processes. 
The present study deals with some aspects of the mechanical breakdown. An experi­
ment was designed to study the effect of chopping the roughage on the feed intake, 
rate of eating and rumination. Also relationships between these variables were taken 
into consideration. Freer et al. (1962) demonstrated the existence of a complementary 
relationship between the mastication during eating an the rumination activity. 
The various experiments in literature on the effect of chopping on feed intake do not 
give the same results. Duckworth & Shirlaw (1958) found a lower dry matter intake 
when the silage was chopped, Keith et al. (1960), however, a higher intake. Slack et al. 
(1960) did not find any effect of chopping on hay intake. 
In the experiments of Duckworth & Shirlaw (1958) chopping of the roughage did 
not affect the duration of rumination per kg of dry matter. Also Kick et al. (1937) 
found no marked decrease in duration of rumination on chopped feed. In experiments 
with sheep Gordon (1958) even traced some increase in the duration of rumination 
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when dried grass was chopped. The results of these kinds of experiments will be 
affected undoubtly by the size of the particles that result after chopping since grinding 
(strong reduction of particle size) markedly decreases the duration of rumination 
(Kick et al., 1937; Gordon, 1958; Pearce & Moir, 1964; Campling & Freer, 1966). 
Material and method 
Ten pregnant cows were used, five of the Meuse-Rhine-Yssel breed, four of the Dutch 
Friesian breed and one of the Groninger breed. They all were in the end phase of 
lactation. Two experimental groups (A and B) of five animals were made which were 
equal with respect to age, stage of pregnancy and milk production. Each animal was 
ted individually and received 3 kg of concentrates and hay ad libitum. Concentrates 
were given at 06h00 only. The animals left no residues. The daily ration of hay was 
divided equally into two portions given at 08h30 and 18h00. The total roughage 
supply was based on a daily residue of about 2 kg hay not consumed. The hay was 
fed to the animals in two physically different forms: unchopped (long) and chopped. 
In Fig. 1 the frequency distributions of the size of the particles in both types of hay 
are given. The average length of the long hay particles was 69.6 mm and of the chop­
ped hay particles 13.6 mm. The chemical composition and feeding value of the hay 
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Fig. 1. Frequency distribution histo­
grams of the length of the chopped and 
unchopped hay particles. 
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Table 1. Chemical composition and feeding value of the experimental feeds. 
Dry 
matter 
(%) 
In dry matter 
crude 
protein (%) 
crude 
fibre (%) 
ash 
(%) 
digestable 
crude 
protein (%) 
starch 
equivalents 
(g/kg) 
Unchopped hay 
Chopped hay 
86.0 
85.5 
12.2 
13.0 
27.3 
28.5 
12.3 (incl. 3.2 % 
sand) 
9.7 (no sand) 
7.3 
7.9 
440 
450 
are given in Table 1. During the chopping process the hay lost nearly all sand. 
The lay-out of experiments is presented in Table 2. Both groups of animals received 
chopped and unchopped hay reciprocally. In the first part of the experiment group A 
received chopped hay and group B long hay. In the second part group A received long 
hay and group B chopped hay. Each period consisted of a preliminary period of 15 
days and a main period of 5 days. During these five-day periods the daily hay intake 
was measured individually and the eating rate and the rumination behaviour were 
recorded. The eating rate was measured twice daily, i.e. during the first meal after 
the supply of hay at 08h30, and again at 18hOO. A meal was considered to be ended 
when a non-feeding period of at least 10 minutes followed. The total duration of eating 
was calculated from the total length of the meal minus the total length of non-feeding 
intervals within the meal lasting for longer than 1 minute. The eating rate was ex­
pressed as the average amount of feed ingested per 5 minutes of eating. 
The occurrence of rumination was registered by means of a 20-point Esterline Angus 
event recorder. For this purpose a leather headstall with an extra string under the 
underjaw was placed on the head of the animal. Between both strings a microswitch 
had been placed, which was connected with the recorder. Whenever the animal opened 
its mouth the underjaw pressed the button of the microswitch, causing a signal. Because 
of the very characteristic registration pattern it was easy to make differentiation on the 
recorder chart between rumination and eating or other behaviour which was accom­
panied with jaw movements (e.g. grooming) (see Fig. 2). With a chart speed of 75 
cm/h the separate rumination cycles could be distinguished on the chart very clearly. 
Based on the recorded signals the total duration of rumination and the number of boli 
(cycles) per day were calculated. During the second part of the experiments about 
half of the recorded data of one animal were lost because of a defect microswitch. 
The missing values have been estimated and inserted. 
Table 2. Lay-out of the experiment 
Subsequent phases Number Type of hay 
in the experiment of days 
group B group A 
Preliminary period 15 chopped long 
Main period 5 chopped long 
Preliminary period 15 long chopped 
Main period 5 long chopped 
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Fig. 2. Detail of a recorder chart, demonstrating rumination behaviour. Six animals show rumination 
behavious: 2, 3, 7, 8, 9 and 10. Every closed block corresponds with one rumination cycle. Animal 6 
shows feeding behaviour (irregular registration pattern); 1, 4 and 5 are neither ruminating nor eating. 
Results 
The average values and standard deviations of hay intake, eating rate, duration of ru­
mination and number of boli are presented in Table 3. In both groups of animals and 
on both types of hay the eating rate in the evening was higher than in the morning. 
The eating rate for long hay was calculated from 92 % of the total daily feed intake. 
Table 3. The average values and standard deviations of hay intake, eating rate, duration of rumi­
nation and number of boli per day for both groups of animals and both types of hay. 
Group A Group B 
long hay chopped hay long hay chopped hay 
X Sx i Sx X Sx - Sx 
Hay intake (kg/day) 
total 12.3 0.28 12.5 0.88 12.5 0.85 13.1 0.68 
dry matter 10.5 0.24 10.7 0.75 10.8 0.73 11.2 0.58 
Eating rate (kg iiay/5 min) 
morning meal 0.21 0.02 0.26 0.03 0.24 0.02 0.31 0.03 
evening meal 0.24 0.01 0.32 0.04 0.27 0.02 0.34 0.04 
average 0.22 0.02 0.29 0.03 0.26 0.01 0.33 0.03 
Duration of ruminaton (min) 
day period1 218 11.02 214 19.02 202 19.74 196 19.96 
night period 348 13.09 339 21.40 327 26.27 309 17.88 
total 567 15.82 554 29.41 529 25.46 505 29.01 
per kg of hay 47 1.60 45 2.44 43 2.11 39 1.93 
Rumination boli (number) 
day period 195 8.96 180 18.90 199 18.12 188 15.43 
night period 310 12.40 287 15.05 329 17.19 294 15.20 
total 505 16.08 467 15.13 528 24.34 482 24.72 
Sx = standard deviation within animals. 
'• The day period is from 08h30 to 18h00. 
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Table 4. The relative influence of experimental period, group of 
animals and type of hay on hay intake, eating rate and rumination. 
The values in the table are percentages of the total variances caused 
by each of these factors. 
Sources of Group of Exper­ Type of Rest 
variance animals imental hay 
period 
Degrees of freedom 1 1 1 96 
Hay intake (kg/day) 
total 2.13 0.43 1.73 75.71 
dry matter 2.14 0.43 1.18 96.25 
Eating rate (kg hay/5 min) 
morning meal jj77*** 0.20 24.68*** 63.35 
evening meal 4.89** 0.02 35.64*** 59.45 
average 8.42 0.04 32.13*** 59.41 
Duration of rumination (min) 
day period 9.53** 0.04 0.82 89.61 
night period 13.14*** 0.39 3.64* 82.83 
total 13.89*** 0.23 2.59 83.29 
per kg of hay 21.99*** 0.77 6.71** 70.53 
Rumination boli (number) 
day period 1.18 0.12 5.25* 93.45 
night period 3.18 0.65 17.35*** 78.82 
total 2.57 0.11 13.20*** 84.12 
* P<0.05; ** P<0.01; *** P<0.001. 
For chopped hay this value was 87 %. As a result most hay was eaten during both 
meals just after the supply of fresh feed. The average length of the meals with long hay 
v/as 122 minutes and with chopped hay 94 minutes. During the day (from 08h30 to 
i8h00) there was less rumination activity than during the night (from 18h00 to 08h30). 
However during the night the mean duration of rumination per hour was only 1 minute 
more than during the day. 
Three effects were tested by means of an analysis of variance: the effect of groups, 
the effect of the experimental period and the effect of chopping the hay. In Table 4 the 
relative effects and the testing results are given. The effect of the experimental period 
was small and not significant. Between the groups of animals there was only a sig­
nificant difference in total duration of rumination and eating rate. In the other para­
meters no significant differences were found. By chopping the hay both the daily hay 
intake and the total duration of rumination were not affected significantly. However 
chopping reduced the mean duration of rumination per kg of hay eaten and the num­
ber of boli significantly. On the other hand the eating rate was significantly raised 
by chopping. 
For both types of hay the mean correlation coefficients for the whole group of 
animals were calculated between the different variables (Table 5). A significant posi­
tive correlation between hay intake and duration of rumination could be traced. With 
unchopped hay there was no significant correlation between eating rate and hay intake 
and between eating rate and rumination activity. For the chopped hay these relation­
ships were negatively significant however. 
To eliminate effects of twisting of the variables also partial correlation coefficients 
were calculated. For unchopped hay the partial correlation coefficient between hay 
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Table 5. Mean correlation coefficients between hay intake, eating 
rate and rumination activity, calculated per type of hay for the 
whole group of animals. 
Variables Long Chopped 
hay hay 
Hay intake x duration of rumination + 0.59** + 0.63** 
Hay intake X number of boli + 0.58** + 0.55** 
Hay intake X eating rate + 0.03 — 0.47** 
Eating rate X duration of rumination + 0.21 — 0.36* 
Eating rate X number of boli + 0.18 — 0.38* 
Duration of rumination X number of boli + 0.88** + 0.91** 
* P<0.05; ** P<0.01. 
intake and duration of rumination without the effect of eating rate was calculated as 
+ 0.60 (P<0.01) and for chopped hay as -|- 0.56 (P<0.01). With a constant feed 
intake the partial correlation coefficient between duration of rumination and eating 
rate was + 0.29 (P<0.05) on unchopped and - 0.09 (P>0.05) on chopped hay. 
Discussion 
In this experiment reduction of the particle size of the roughage by chopping had a 
small effect on the daily feed intake (see Tables 3 and 4). In an experiment with 12 
cows Slack et al. (1960) also did not find any effect of chopping on feed intake. Ac­
cepting the theory about the physical control of food intake (Campling, 1970) we must 
conclude that the reduction of the particle size of the roughage by chopping had no 
clear effect on the rate of disappearance of the food from the reticulo-rumen. 
Chopping causes a strong increase of eating rate. The calculated eating rates in these 
experiments were based on about 90 % of the total daily intake. Therefore the obtained 
values are to be considered representative for the average eating rate. Suzuki et al. 
(1969) measured the eating rate with more or less the same methods. For normal 
long hay they found somewhat higher eating rates (0.30 - 0.48 kg per 5 min) than we 
did (0.22 - 0.26 kg per 5 min), but they did not apply ad libitum feeding strictly. 
From the experiments of Freer et al. (1962) and Gill et al. (1966) it can be concluded 
that a higher eating rate is associated with less mastication during eating per weight 
unit of feed. The higher eating rate on the chopped hay can be explained because less 
mastication is necessary before swallowing. On the other hand, when the unchopped hay 
is masticated more than the chopped hay during eating, the difference between both 
types of feed will be less when they arrive in the reticulo-rumen. This agrees with the 
fact that chopping has only a small effect on the rumination (see Tables 3 and 4). On 
an average the duration of rumination per kg of hay decreased by only 3 minutes (7 à 
8 %) by chopping. The number of boli per day decreased accordingly. These results 
are in agreement with the experiments of Kick et al. (1937) and Duckworth & Shirlaw 
(1958). In addition, Duckworth & Shirlaw found an increase of the duration of the 
rumination cycles by chopping. In our experiments too the rumination cycles were lon­
ger for the chopped feed. The causes of the phenomenon are not yet clear. 
There was a strong positive correlation between the rumination time per day and the 
total number of boli and also between these variables and the hay intake (Table 5). 
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This supports the finding of Freer et al. (1962) who concluded that the rumination 
time per weight unit of feed is rather independent of the total intake. 
The relationship between hay intake and eating rate was different for both types of 
hay. For long hay there was no significant correlation. However for chopped hay a 
negative correlation was found. To explain these differences perhaps the experiment of 
Foeken (pers. commun., 1971) has to be mentioned. Foeken studied the course of eating 
rate during the intake of coarse and small pellets of concentrates. In the beginning of 
a feeding period the eating rate of small pellets was higher than that of coarse 
feed. However during the feeding period the eating rate decreased faster for small 
pellets than for coarse pellets. It is likely that for chopped hay the cows eat according 
to the same pattern as for small pellets. If we assume that the eating rate rapidly 
decreases during a meal with chopped hay, a higher intake of this hay (longer duration 
of eating) is then associated with a lower mean eating rate. The eating rate of un-
chopped hay should remain on a more constant level. 
Naturally the relationship between eating rate and duration of rumination depends 
on the correlations between each of these variables and the feed intake. Therefore 
partial correlation coefficients were calculated. For the ration with unchopped hay the 
eating rate and duration of rumination were positively correlated (r = + 0.29; 
P<0.05). Also Freer et al. (1962) found such a positive relationship between eating rate 
and duration of rumination. However in their experiments a higher eating rate was 
obtained by restricting the feeding time and not by natural variation in the eating rate 
under ad libitum conditions as in our experiment. For the chopped hay there did not 
exist a significant correlation between eating rate and duration of rumination (r = 
— 0.09; P>0.05). Less mastication is necessary for eating hay of this type. Presumably 
variation in the eating rate (intensity of mastication) of the chopped hay will have a 
small effect on the particle size of the swallowed feed. This presumption may explain 
the fact that no relationship between eating rate and duration of rumination was found. 
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